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Abstract. Renewable energy resources, among other things, play a
significant role in the safe and clean supply of electricity consumers. Also,
their impacts are reflected in the proper functioning of the transmission,
generating and distributing system. Their integration into the topology of
power systems and balance between production and consumption, also
planning requires a detailed analysis so that the energy balance to be under
allowed limits and has no consequences in impairing the safety margin of the
power system parameters. For this, analysis and study coincide with the
analysis of the indicators and their performance on the integration of these
resources into a power system by building a structure and combining the
hybrid variety of these resources. Thus, the study deals with some aspects of
the analysis of the parameters of these sources into the power system,
respectively in the one substation and performances of the electrical
parameters.
Keywords: Power system, renewable energy, solar and wind energy, energy
balance, production and consumption, electric substatation.
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Introduction

Renewable sources in the power system play a very significant role, affecting the
supply of clean energy to consumers, as well as their positive environmental
impacts. Given the European policies for meeting the standards for renewable
energy production, then the need for discussion and treatment in this area relies on
the capacity of each country to achieve its objectives.
Another aspect of renewable resources is their treatment in terms of the
performance of their parameters. Given that many factors are reflected in the
performance of reproductive systems in the first place are climate factors and then
their impacts on energy balance. But, of course, they also have other negative
impacts, such as the unexpected power flows they produce, the harmonics, which
are reflected in the quality of the voltage and system parameters respectively and

2

the frequency of the system. In the case study, performance indicators of some types
of renewables are shown, such as wind and solar.
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Renewable energy sources and power systems

Renewable sources in the case study, such as water, wind and solar constitute a
diversity in clean energy. Therefore, the construction of these concepts and their
treatment for the proper functioning of the power system constitutes a good basis
for evaluation.
Considering the importance of the voltage quality in power system [1], and other
parameters are more important in achieving the standard of renewable resources.
This constitutes a structure of consumer as well as a step towards achieving
standards for the integration of renewable resources.
The connection of the generators has affected in the voltage profile, power flow,
losses, stability, short circuit currents, and radial distribution network. The influence
will depend on the number, type, location, and size of generators. The distributed
generators are mainly designed to be connected directly to the distribution network
near load centers.
Regarding the utilization of alternative renewable energy sources, Kosovo is not
in the appropriate levels. Approximately only 9 % of the electricity produced in
Kosovo is from renewable energy sources [2].
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Combining the solar and wind turbine systems

İn the suggested solar and wind turbine systems the output from the solar part
depends on the incoming solar radiation and is obtained during sunshine. On the
other hand the output of the wind turbine depends on the wind speed at the location
of the installation and is obtained any time of the day or night that the speed is over
a lower limit. Therefore the photovoltaic and wind turbine systems can supplement
each other, being primarily used to cover building electrical load and secondary to
increase the temperature of the existing thermal storage tank of the photovoltaic
system [3].
The proper combination of photovoltaic and wind systems is of great importance
in small distribution systems, to cover consumption and lack of production
especially in places where water generation systems are lacking. Thus combining
them over different periods of time and properly coordinating other generating
systems helps in the production and consumption balance.
Electric energy that will be obtainable from the wind and solar energy differs
depending on seasons. In winter months, electric energy generation from the sun
may not be possible for the day’s time. Similarly, electric energy generation from
wind in the spring and summer months remains very low [4].
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Performance indicators of renewable energy in power systems

The core set of energy indicators, now called Energy Indicators for Sustainable
Development (EISD), has been designed to provide information on current energy
related trends in a format that aids decision making at the national level in order to
help countries assess effective energy policies for action on sustainable
development.
The indicators can help to integrate energy into socioeconomic programmes, to
combine more renewable energy, energy efficiency and advanced energy
technologies to meet the growing need for energy services, to increase the share of
renewable energy options, to reduce the flaring and venting of gas, to establish
domestic programmes on energy efficiency, to improve the functioning and
transparency of information in energy markets, to reduce market distortions and to
assist developing countries in their domestic efforts to provide energy services to
all sectors of their populations. The indicators should identify what energy statistics
need to be collected as well as the necessary scope of regional and national
databases [5].
The evaluation of the indicative parameters regarding the status of transformers
during their operation is essential regarding continuity of operation for different
cases and loading regimes. These indications of the mode operation are determined
for a specified period. The monitoring and assessment of such components like; P,
Q, F, W, T, and C are essential to achieving better reliability of the power
transformers and lines [6]. Other specific parameters in the performance are the
voltage quality and losses in the electricity distribution networks, also are a
significant part of the overall losses in the electric power system [7].
The amount of wind and solar PV that can be installed in a distribution system
without violating the reliability and performance of the system depends on the
design of the distribution system and on the load profile. Systems with a high
mismatch between the electricity generation and demand will have more difficulties
to cope with large penetration levels while systems with better load matching can
facilitate larger shares. Similarly, systems designed for high peak demand can
facilitate more PV and wind power than systems designed for a low peak demand
since the system is designed to cope with higher power levels. Other concerns relate
to the length of the distribution grid where long distances between the customer and
the substation will likely experience increased voltage fluctuations and voltage rises
during the day compared to a grid with shorter distances [8].
Cost and in particular the capital outlay remains the main challenge in the
dissemination of small wind energy systems. These viability parameters, however,
are also relevant to solar PV systems, resource inconsistency and technology cost
and associated technical limitations [9].
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An analysis of the renewable energy sources– case study

Power systems consist on the diversity generation, such as solar, wind, water and
other sources. Also, one factor is the performance of these sources and their impact
on the power system.
Power systems play a significant role in providing reliable and quality customer
service. Nowadays, the integration of renewable energy systems, especially wind
and solar, poses a challenge and a necessity for countries where these two resources
can be developed and integrated into the overall development of energy production.
In the case study, a 110/10 / 0.4 kV electrical substation is included in the
transmission system, with integrated photovoltaic and wind systems operating. The
substation consists of two sources of wind turbines with an installed power of 40
MW, as well as 6 photovoltaic systems with an installed power of 11.49 MW. While
the 110 kV side is equivalent to the power system as a strong balancing bus of the
active and reactive power balance, the 10 kV side is designed for lines and
transformers, and the 0.4 kV side for customers [Figure 1].
Cases are analyzed when operating integrated photovoltaic and wind systems,
as well as when operating separately.
Through the analysis and simulation results achieved through the ETAP
program, the performance aspects of solar and wind panels and their impacts on the
electrical substation are addressed.

Fig. 1. Substation of 110/10/0.4 kV level as integrated with wind turbines and
photovoltaic panels

In the first case, the substation performance is analyzed when the wind turbines
and photovoltaic panels are integrated into operation in aspects of power flows,
voltages and voltage safety band. Where shown through the graphs as in Figure 2,
the active and reactive power flows in an energy balance of 50 MW. The data shows
the power flows in the distribution lines in busbars (18 busbars), which may indicate
the importance of determining the location of the construction of renewable sources
and their operation in view of security and electricity flows (active and reactive
power).
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Fig. 2. Electricity flows (active and reactive power) in the substation (wind turbine and
solar panels operates as integrated)

Also, the performance of factors and indicators except of energy flows, such as
losses, voltage safety margin at 10 kV and 0.4 kV levels, when operates only wind
turbines or solar panels, and when working as integrated is also analyzed.
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Fig. 3. Losses in substation elements 110/10 / 0.4 kV, respectively on power lines and
transformers, when renewable sources operate like the integrated and separately

Figure 3 shows the active power losses of the elements in both transformers and
distribution lines. It shows that active power losses are expressed when wind
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turbines or photovoltaic panels are not integrated. In the first case when wind
turbines and photovoltaic panels are integrated, the losses are 1.0157 MW, whereas
when the photovoltaic panels are integrated only the losses are 1.9403 MW, and
when the wind turbines are integrated only the losses are calculated to be 1.3983
MW. So, this implies that the integration of renewable sources, among other things,
affects the performance of electrical parameters as well as the reduction of electrical
losses.
Another important factor is the voltage fluctuations, namely the safety margin.
The analysis includes their impact when integrated and when working separately.
The simulation results are shown in Figure 4 and Figure 5, which also show the
behavior of the electrical parameters, respectively the performance of the renewable
sources and their impact on the safety margin in terms of voltages at 10 kV and 0.4
kV levels.
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Fig. 4. Safety margin of solar panels and wind turbines as integrated operate at
10 kV level

Also in Figure 5 are shown the simulation results of the renewable sources and
their impact on the performance of busbars at 0.4 kV level.
However, security performance depends both on the performance of integrated
or isolated systems as well as on network configuration, and the climatic conditions
that result especially on the performance and efficiency of renewable resources.
Another important factor is the lines and transformers, their design in terms of
construction and types of construction. Such factors together with the renewable
resources installed in the proper locations and with efficient parameters affect the
performance of the power systems.
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Fig. 5. The safety margin of solar panels and wind turbines as integrated operate at 0.4
kV level

By analyzing the simulation results shown in Figures 4 and 5, it can be seen that
the impacts of the renewable sources are important for the safety margin of the
voltage fluctuations and have a positive effect on joint integration. However, the
operation of wind turbines and solar panels greatly depends on the climatic
conditions at their location, so their coordination concerning the balance of
generation and consumption plays a crucial role as well as the safe operation of the
distribution system as a whole.
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Conlcusions

From the simulated results obtained, some conclusions can be drawn in terms of
operation and integration of renewable sources and their role in the performance of
the power system. From this, it can be concluded that renewable sources also have
their role in improving the performance of the parameters of the integrated power
system or even of isolated substations. Thus, they affect the security of supply of
consumers as well as the quality of tensions and reduction of losses. This is also
shown in the results obtained, which shows their role in the performance of the
substation. An important factor is also the design of the program and the revision of
climatic conditions so that the security of the systems is at a higher level and the
security margin is increased so that the supply of customers is uninterrupted and the
quality of the electrical parameters is at a high level and acceptable margin.
Thus, the construction of renewable sources in addition to electrical
performance plays an important and increasing role in the efficiency and positive
climate impacts, with particular emphasis on reducing greenhouse gases released
mainly from fossil fuels.
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